• Feijoa fruit combine unique flavor and medicinal properties.
The fruit of feijoa is classified as a pseudo-fruit of the pome type ( Fig. 1) with the ovary inferior to the flower (Mattos, 1986) that is climacteric (Amarante et al., 2008) and highly variable, with a weight ranging between 20 and 200 g (Degenhardt et al., 2003; Ducroquet et al., 2008; Martínez-Vega et al., 2008; Nodari et al., 1997) . Fruit shape varies from round to oblong. The skin can be smooth or rough at all intermediate stages and its consistency also varies from hard to relatively soft, in which case it may be partially consumed. The skin is green and varies in shade from grayish green to olive green or avocado green, depending on the accession and maturation stage. Both the flesh and the pulp are edible. The pulp, when the fruit is ripe, is gelatinous and a cream color. It tastes delicious, is sweet-acidulate and aromatic (Ducroquet et al., 2000; Mattos, 1986; Harman, 1987; Esemann-Quadros et al., 2008; Rodríguez et al., 2010) , and has a unique flavor.
The species occurs naturally in the highlands of Paraná and Santa Catarina and in Rio Grande do Sul, Brazil (Mattos, 1986; Donazzolo, 2012; Borsuk et al., 2017) , in the Departments Treinta y Tres (Quebrada de los Cuervos), Cerro Largo (Cañitas), and Tacuarembó (Valle Edén and Cuchilla de Laureles), north of Uruguay (Puppo et al., 2014) . The feijoa active germplasm bank (BAG) is located in São Joaquim, Santa Catarina State, in the south of Brazil. The management of genetic resources also includes the characterization of genetic and phenotypic variability, which facilitates the use of species in breeding programs. Although the BAG has 313 accessions of feijoa (Saifert, 2018) , there are dozens of naturally occurring plant populations of this species with agronomic potential (Santos, 2009; Donazzolo, 2012; Borsuk, 2018) that are not represented in the collection. There are also germplasm banks of feijoa in other countries, such as Colombia, at the Centro Nacional de la Feijoa (CENAF) in La Vega (Cundinamarca), which has approximately 1500 accessions (Perea et al., 2010) , and the Nikita Botanical Garden in Crimea, which has 400 accessions (Yezhov et al., 2005) .
Currently, the feijoa breeding program in Brazil uses the following selection criteria: regular production; fruit weight more that 70 g; pulp yield more than 30% or with edible skin; pleasant taste; anthracnose (Colletotrichum theobromicola) tolerance; variable maturation period; and fruit shape close to round. Based on the germplasm variability available in the BAG and on the selection criteria, genetic progress has been achieved with the development of four cultivars of feijoa in Santa Catarina State, SCS 411-Alcântara and SCS 412-Helena (Ducroquet et al., 2007) , SCS 414-Mattos, and SCS 415-Nonante .
For feijoa, fruit size, pulp yield, and excellent acidified taste are prime characteristics for consumption and, therefore, for genetic breeding. According to Donazzolo et al. (2017) , the weight and the diameter of the fruit are the main characteristics related to pulp yield. Although these characteristics are very variable among genotypes, they are the main characteristics used to differentiate individuals (Puppo et al., 2014) . Thus, there is a need not only to continuously evaluate the physical and chemical characteristics of the fruits, but also to analyze and disseminate this information, aiming to subsidize the selection of superior accessions for production, fruit quality, and adaptability to the climatic conditions of producing regions in southern Brazil. The present study aimed to evaluate and select accessions of feijoa with superior fruit characteristics, among the accessions maintained in the BAG, which will allow their use as parents in the development of new cultivars.
MATERIAL AND METHODS
We evaluated 229 feijoa accessions at the BAG in São Joaquim, Santa Catarina, Brazil, during the harvests of 2004-2005, 2005-2006, 2006-2007, 2007-2008, 2008-2009, 2015-2016, and 2016-2017 . The experimental station of the Santa Catarina State Agricultural Research and Rural Extension Agency (EPAGRI) is located at 28°16¢40² S and 49°56¢09² W, at an altitude of 1400 m asl. That location has an average temperature of 13.4°C, relative humidity of 80.7%, and a rainfall regime with annual rainfall values of 1688 mm, usually very well distributed in the year.
To form the BAG, buds from collected plants (scion) were grafted on rootstocks originated by seedlings of the accession 509. Accessions are 5 m between rows and 3 m between plants. From each accession, a sample of 10 ripe fruits (accordingly to Degenhardt et al., 2002) was collected during the commercial harvesting period. For the first five harvests, the evaluations were performed at the EPAGRI laboratory, and the samples of the last two harvests were transported to the Developmental Physiology and Plant Genetics Laboratory (LFDGV) at Federal University of Santa Catarina (UFSC), stored overnight at 5 to 10°C, and evaluated the following day.
Eighteen physicochemical fruit characteristics of the accessions, 10 quantitative and 8 qualitative, were evaluated. The quantitative characteristics were diameter of the fruit (cm), measured on two sides of the equatorial part of the fruit; fruit length (cm) and skin thickness (mm), measured with the aid of a digital caliper; and length/diameter ratio (determined later). According to Amarante et al. (2013) , skin is the hypanthium (epidermis + hypodermic layers + external parenchyma). The skin thickness was measured in the middle of the transversal cross-section of the fruit (Fig. 1) . Further, the total weight of the fruit (g), skin weight (g), and pulp weight (g) were estimated with the aid of a precision scale (Shimadzu BL 3200H), and the pulp yield (%) was estimated by the ratio between weight of the pulp and the total weight of the fruit. Soluble solids content (SSC, °Brix) was measured using a digital hand-held refractometer with a range of 0 to 85% Brix (HANNA instruments, model HI 96801). A table pH meter (ADWA, model AD1000) was used to measured the pH of the pulp juice and to quantify the titratable acidity (TA,% citric acid), determined from 5 mL of extracted juice that was diluted in 20 mL of distilled water. This solution was titrated with 0.1 M NaOH until it reached a pH of 8.2, measured with the table pH meter. In this case, the results were expressed as percent citric acid, using the formula:
where V is volume of NaOH spent (mL); M is molarity of the solution of NaOH used; AE is acid equivalent, 0.064 g; and V s is sample volume (5 mL). The ratio between soluble solids content and titratable acidity (SSC/TA) was also determined.
The eight evaluated qualitative characteristics of the fruit follow Brasil (2008) : insertion of sepals, fruit shape, sheen of skin, presence or not of vacuum (small cavities in the endocarp [ Fig. 1 ]), color of skin and pulp, and texture and roughness of the skin. For the qualitative characteristics of the fruits, the mode was obtained from the seven evaluations of the accessions.
Since not all accessions were evaluated each year, to get the maximum amount of information about the effect of a year, the data were grouped by years (2, 3, and even 6 yr) and submitted to analyses of variance. Thus, the same genotype may be in one, two, or three analysis of variance (ANOVA). The Generalized Linear Model (GLM) procedure was used (nested designs); the causes of variation were years, accessions within years, and fruits within accessions. The frequency distributions and correlation estimates among the measured variables were also determined. To discriminate the means of the characteristics for skin thickness, fruit length, and the length/diameter ratio, the accession means ±1 SD were used. For the other variables, the superior accessions should have a mean value greater than the mean +1 SD, in each year. Subsequently, an analysis of divergence between feijoa accessions was conducted by standardizing the data with an Euclidean distance matrix as a measure of dissimilarity. Based on the distance matrix, a cluster analysis was conducted with the ascending hierarchical classification algorithm UPGMA (Unweighted Pair Grouped Method Average) with the use of software R (R Development Core Team, 2017).
RESULTS AND DISCUSSION

Qualitative Traits
The erect type insertion of sepals was the most representative among the qualitative traits; it was found in 61.1% (132) of accessions, followed by semi-erect (25%) and horizontal (13.9%) ( Fig. 2) . Fruit shape was represented by eight distinct types based on the descriptors proposed by Ministério da Agricultura (MAPA) (Brasil, 2008) . The shapes obovoid (41.1%) and ellipsoid (24.0%) were the most frequent, followed by globose (10.9%). The least frequent fruit shapes were ovoid (2.1%) and truncate (0.5%) ( Fig. 2) .
Of the total, 66.8% of the accessions had green skin, whereas 1% exhibited a dark green color (Fig. 2) . The green color of the ripe fruit of most of the known cultivars is considered a disadvantage from a marketing point of view because it is not very attractive. For this reason, breeders look for cultivars that produce yellow or red fruits (Giacometti and Lleras, 1994) .
In the present work, the pulp was an ice color (77.7%), white (20.5%), or pink (1.9%) ( Fig. 2 ). Santos (2005) found the pulp was an ice color in 89.2% of the fruits of 287 plants. The presence of skin sheen or vacuum between skin and pulp occurred at a low frequency. Skin texture was mainly semi-hard (45.6%), followed by hard (35%) and soft (19.4%). Rough skin was more frequent (86.1%) than absent (13.9%). However, an inverse gradient was verified between the roughness level and the frequency of genotypes: light, medium, and strong roughness occurred in 43.1, 30.1, and 12.9% of the accessions, respectively (Fig. 2 ).
Quantitative Traits
The frequency distributions for each of the evaluated characteristics ( Fig. 3 ) indicated that fruit diameter and soluble solids content followed the normal distribution. The lack of normality in the data of the other variables is probably due to the number of fruits evaluated per sample (10) or the lack of uniformity. The effect of years was always statistically significant and represented the largest mean square for all characteristics evaluated, except fruit length (Supplemental Table S1 ). The fact that the fruit length contribution to the variation was greater in accessions than years indicates that this characteristic can be selected in any year, since it is not affected like the others by different years. On the other hand, the contribution of fruit values was always less than 10% of the variation among accessions within years, indicating that the sample size did not inflate the estimate of the other variances.
In relation to quality and fruit size, during the evaluation years there was variation in the values for the characteristics fruit diameter, length and weight, pulp yield, skin thickness, and soluble solids content, with highly significant differences (p < 0.01) between years and accessions (Supplemental Table S1 ).
These results indicate that the behavior of most of the agronomically important fruit characteristics of the feijoa accessions was influenced by the environment. Consequently, when selecting the best accessions for one or more of these characteristics, it is very important to take into account several years of evaluation. Similar results were reported by Degenhardt et al. (2003) , who found significant phenotypic variation between two families of feijoa halfsibs for the characteristics fruit weight, diameter, and soluble solids content in at least 2 of 3 evaluated years. In the same study, the authors verified that the average fruit characteristics of each family varied between years and were highly influenced by the environment. In addition, Puppo et al. (2014) , when estimating components of variance, found that all of these cited characteristics are discriminant when selecting accessions.
The calculated measures of dispersion of the variables used in the physical-chemical characterization of feijoa fruits revealed the relative magnitude of the phenotypic variability found among the BAG accessions. Thus, estimates of the coefficient of variation (CV) ranged from 8.4% for fruit diameter to 36.7% for the SSC/TA ratio (Table 1) .
In terms of range, the average weight of the fruit was 80.8 g, and the amplitude varied from 30.5 to 183.7 g, with a CV between 26.9 and 30.2% during the evaluated years (Table 1 ). In all years, few fruit with individual values higher than 200 g were recorded (data not shown). In previous works, fruit weight varied from 31 to 200 g (Nodari et al., 1997; Degenhardt et al., 2003; Santos, 2005) . In urban gardens and farms, a fruit weight of 173.0 g (Genotype 1017) was recorded, which is evidence that farmers are involved in the selection process for the species (Donazzolo, 2012) . However, it should be taken into account that the larger the weight of fruit, the greater the weight of the skin and the length and diameter of the fruit (Degenhardt et al., 2003) . To provide emphasis for future selection for fruit weight, an accession was considered superior if its average was greater than the general average +1 SD in at least 3 of the evaluated years (Supplemental Table S2 ). The accessions L205C453 and L209C629 were superior in 4 yr of evaluation, suggesting they are promising for use in future crosses. The accessions L203C240, L204C276, L206C511, L208C342, L208C716, L208C805, L209C1002, L301CB08.30, and Mattos had averages above the average during 3 yr of evaluation. All of these accessions had weights above 90 g in each evaluated year, and could be cosidered for breeding. Although there are fruits with weights of more than 200 g, generally feijoa commercial cultivars have an average fruit weight close to 100 g. In Brazil, the mean weight of the fruits reported for the commercial feijoa were 80 g for Alcântara, 90 g for Nonante, and 150 g for Mattos and Helena (Ducroquet et al., 2007; 2008) . In Colombia, the feijoa cultivar Quimba had fruit weights ranging of 21.1 to 98.9 g (Martínez-Vega et al., 2008; Parra-Coronado et al., 2015) . In 12 New Zealand cultivars evaluated in Italy, the average weight of the fruit was 73 g, ranging of 51.8 (Smith) to 104.8 (Mammoth) (Pasquariello et al., 2015) .
The fruit diameter of the accessions evaluated had an overall mean of 4.8 cm and values ranging from 3.4 to 6.4 cm, with a CV between 9.2% (in 2015) and 14% (in 2005) ( Table 1) . The accessions L204C294, L205C453, L207C152-12, L208C805, L210C1013 L203C240, L205C387, L209C629, L206C804, L207C358, L209C1008, L301CB08.30, and L304CB23.16 had a higher average (5 cm) than the general average during 3 yr of evaluation ( Supplemental Table S2 ). Fruit diameter was also variable, even within accessions, and is the characteristic that most affects fruit shape and also directly related to pulp yield (Donazzolo et al., 2017) .
Fruit length had an overall mean of 6.5 cm and values ranging from 4.0 to 9.6 cm, with a CV between 14.1 and 16.3% (Table 1) . The accessions L102C132, L103C374, L201C99B, L202C117, L202C148, L205C377, L206C521A, L207C250, L207C291, L207C392, L207C526, L209C502-2, L210C1013, and L212CB25.29 exhibited lower values than the overall average -1 SD for 3 yr of evaluation, ranging in length from 4.8 to 5.6 cm ( Supplemental Table S2 ). Previously, fruits from two half-sib families, evaluated for 3 yr, showed values from 3.2 to 8.6 cm long and 2.9 to 6.3 cm in diameter (Degenhardt et al., 2002) . In Quilombola communities, indigenous lands, and conservation units, Borsuk et al. (2017) recorded fruits that varied from 4.2 to 7.4 cm long and 1.9 to 6.0 cm in diameter. These values are within the ranges found for the accessions of São Joaquim BAG. Compared with the present study, lower values for fruit length (2.8-6.0 cm) and diameter (2.3-3.9 cm) were registered in a population of 300 plants in Turkey (Beyhan and Eyduran, 2011) .
There is a relation between fruit length and diameter (L/D) that is used to describe fruit shape, since values of 1 indicate a round fruit. In the accessions from BAG the mean was 1.4 cm, with values varying from 0.9 to 2.1 cm, and the CV was 13.8% (Table 1) . These results show the variability of fruit size and shape in the accessions from BAG, which allows them to be used to develop new cultivars of feijoa with different fruit shapes. In a previous study in Brazil, the L/D ratio values of half-sib progenies ranged from 1.0 to 1.6 (Degenhardt et al., 2003) . In other countries this ratio was also measured: Puppo et al. (2014) found values between 0.6 and 1.9 in Uruguayan feijoa populations; and smaller values of this ratio (0.5-0.9) have been reported in Turkey (Beyhan and Eyduran, 2011) .
In countries where feijoa was introduced as an exotic crop, smaller values have been found for fruit weight, length, and diameter, probably because of the lower variability present in introduced germplasm. For example, in Turkey, feijoa fruits varied from 18.6 to 40 g, 2.8 to 6.0 cm long, and 2.3 to 3.9 cm in diameter . In commercial orchards in the municipality of Villamaría, Colombia, fruits presented averages of 67.1 g, 6.5 cm long, and 4.4 cm in diameter (Gallego-Corrales et al., 2003) . Previous studies have shown that, in general, the fruits of the Uruguay type are smaller in weight and size compared with the Brazil type (Nodari et al., 1997; Ducroquet et al., 2000; Borsuk et al., 2017) . Thus, based on these results, it can be inferred that accessions of the Uruguay type were more widespread than the Brazil type, as corroborated by other studies (Popenoe, 1920; Moretto et al., 2014) .
In addition to the genotypic effect, fruit characteristics are also influenced by the environment. In Brazil, Degenhardt et al. (2003) evaluated fruit characteristics of two half-sib feijoa families and found significant differences in fruit weight, diameter, and soluble solids content for at least 2 of the evaluated years. In Colombia, the influence of the environment (temperature, precipitation, relative humidity, and radiation) and elevation was also verified based on feijoa fruit characteristics (Parra-Coronado et al., 2015) . These authors evaluated commercial orchards of the clone 41 Quimba on the sites San Francisco (1800 m asl) and Tenjo (2580 m asl) and found the environment greatly influenced the physical fruit characteristics (weight, length, and diameter).
Because fruit size is attractive to the consumer, this characteristic could be considered as selection criteria when developing new cultivars. Fruit length, diameter, weight, and pulp yield are the main variables that differentiate accessions (Puppo et al., 2014) . According to Gallego-Corrales et al. (2003) , fruit size and shape are not related to the maturation or quality of the fruit, and there is heterogeneity in the degree of maturation of the fruit at the time of harvest. Pulp yield (%) is one of the most desirable commercially important characteristics for feijoa fruits. In the present study, the overall average pulp yield for all accessions was 27.6%, ranging from 5.5 to 53.8%, with a CV between 18.2 and 25.8% (Table 1) . These results had greater amplitude compared with the data found by Degenhardt et al. (2003) , who evaluated two half-sib families and found pulp yields in progenies ranging from 23.5 to 33.7%. In natural populations, mean values for pulp yield ranged from 17.3 to 49.5% (Borsuk et al., 2017) .
Pulp yields higher than the general average +1 SD were found for 82 out of 229 studied accessions. The accessions L102C132 and L207C712 presented a higher average for 5 yr of evaluation, whereas the accession L207C228 was superior for 4 yr. Another six accessions maintained their pulp yield above the general average +1 SD for 3 yr (L202C148, L203C249, L204C373, L206C735, L207C250, and L212CB10.04) ( Supplemental Table S2 ). Pulp yields ranged from 31.4 to 40.3%. Studies by Borsuk et al. (2017) showed that the pulp yield of feijoa accessions ranged from 30.0 to 32.5% in indigenous and Quilombola communities. In other studies, the pulp yield of Brazilian feijoa cultivars ranged from 25 to 33% (Ducroquet et al., 2007 .
The evaluation of skin thickness was performed for the 2015 and 2016 harvests. The mean was 0.8 cm with an range of 0.4 to 1.5 cm (Table 1) . Values lower than the overall average -1 SD were identified in 28 accessions. These accessions had the thinnest skin (0.5 and 0.7 cm) during the 2 yr of evaluation. High values for skin thickness were recorded for the accessions L210C1013 (1.4 cm) and L301CB08.30 (1.1 cm). Based on the observed maximum and minimum values, it is possible to choose from BAG accessions for breeding. In a study including 18 feijoa populations in southern Brazil, skin thickness ranged from 0.2 to 1.6 cm (Borsuk et al., 2017) . According to Puppo et al. (2014) , this variable is a discriminant descriptor of accessions because it complies with the criterion of greater variance between accessions than within accession.
Regarding soluble solids content, the mean for the accessions was 11.9°Brix; however, the accession values ranged from 5.6 to 18.3°Brix, with a CV from 10.5% (2015) to 15.7% (2005) ( Table 1) . Feijoa has high levels of starch at the moment of harvest that it is hydrolyzed during maturation during the post-harvest time, producing and increasing SSC (°Brix) (Parra and Fischer, 2013; Pasquariello et al., 2015) . Harman (1987) found that the starch content of feijoa fruit increase during maturation phase. In the clones 8-4 and Quimba, cultivated in Colombia, the most abundant sugars during the maturation process were fructose, sucrose, and glucose (Rodríguez et al., 2006) . In fruits of feijoa cultivated in Russia, it was detected the presence of vitamin P, Р-active and pectin substances, ascorbic acid, and macro-and microelements (Belous et al., 2014) . The authors also verified that the fruits differed in terms of accumulation of sugars, since in some genotypes the content of sucrose prevails over amount of monosaccharide.
During the evaluation years, 100 accessions were superior in terms of SST to the overall average +1 SD for at least 1 yr. Out of these, accession L207C152-12 was superior for 4 yr and L203C212, L205C504, L206C804, L208C101, and L208C91 were superior for up to 3 yr ( Supplemental Table S2 ). These accessions maintained higher total soluble solids in more than 1 yr, indicating that they are potential parents for this flavor characteristic for future crossings. According to Ducroquet et al. (2007 Ducroquet et al. ( , 2008 , soluble solids content of the fruits of Alcântara, Mattos, Helena, and Nonante ranged from 9 to 14°Brix. The SSC values for Quimba (Colombia) ranged between 10. 3 and 11.6°Brix (Martínez-Vega et al., 2008) . For the same cultivar, Parra-Coronado et al. (2015) found °Brix from 11.7 to 13.4 in Tenjo, Colombia. In Turkey, Beyhan and Eyduran (2011) recorded accessions with SSCs of 10.0°Brix (Mestan-3, Mestan-5) and 16.0°Brix . In New Zealand, the fruit has been reported to have an average of 10.5 SSC in Mammoth (Harman, 1987) .
Titratable acidity, expressed as the percentage of citric acid, had an overall mean of 1.2, varying from 0.3 to 3.5%, and a CV between 29.9 and 44.6% (Table 1) . According to Harman (1987) , malic and citric acids were the predominant nonvolatile organic acids in the chemical composition of feijoa fruits and they were present in similar concentrations. Acidity values can vary according to the genotype and environment temperature where the feijoa fruits are produced; fruits had an acidity of 2.0 to 3.0% citric acid in Colombian accessions (Gallego-Corrales et al., 2003; Rodríguez et al., 2006) .
In the present work, the accessions L209C1005, L205C504, L207C138-2, L207C152-12, L202C135, L205C453, L207C228, L208C341, L213C86, and L215C214 genotypes had the highest TA content because they exhibited TA values above the overall average +1 SD for at least 3 yr of evaluation, with averages varying between 1.5 and 2.1% (Supplemental Table S2 ). The Brazilian commercial cultivar Nonante had 2.89% TA, when expressed as a percentage of malic acid, with a statistically significant acid value in relation to three other Brazilian cultivars (Alcântara, Mattos, and Helena), which had an average value of 1.8% (Amarante et al., 2013) . Recorded TA values of pulp juice of four Uruguayan populations (n = 50) ranged from 0.24 to 1.97 g citric acid 100 mL -1 , with a mean of 0.85 g (Puppo et al., 2014) . In fruits of the New Zealand Apollo, Gemini, and Triumph cultivars, the acidity varied from 0.8 to 1.4% citric acid (Klein and Thorp, 1987) . For Quimba in Colombia, Parra-Coronado et al. (2015) found that the TA fluctuates from 1.7 to 1.9% citric acid in Tenjo and from 1.6 to 1.9% citric acid in San Francisco. However, higher values were reported by Gallego-Corrales et al. (2003) in the municipality of Villamaría, Colombia, where feijoa fruits had an acidity of 3.0 ± 0.14%.
The SSC/TA ratio analysis had a mean of 12.1, with an amplitude of 3.3 to 42.0 and a CV between 33.6 and 45.8% (Table 1) . That ratio for Brazilian feijoa cultivars at harvest time ranged from 3.6 (Nonante) to 7.7 (Helena) (Amarante et al., 2013) . In Colombia it was verified that the SSC/TA ratio increases during the maturation period of the fruits; in clone 41 (Quimba), the increase was 4.0 to 11.6 on the 18th day and in the clone 8-4 it was from 4.5 to 11.6 on the 14th storage day (Rodríguez et al., 2006) .
In the fruits of the New Zealand cultivars Apollo, Gemini, and Triumph, a flavor decline was associated with a change in the level of titratable acidity and soluble solids during the fruit ripening process (Klein and Thorp, 1987) . Subsequently, Gallego-Corrales et al. (2003) verified that pH, weight loss, and decreased acidity in fruits from Villamaría (Colombia) increased with postharvest storage time. In the Colombian cultivar Quimba and 8-4, TA was inversely correlated with sucrose levels (SSC), weight loss, and respiratory intensity, indicating that acidity decreases because organic acids are degraded during fruit respiration (Rodríguez et al., 2006) . Thus, acidity may be an important variable when selecting fruits of commercial quality. All Brazilian commercial cultivars present a higher reduction of acidity than soluble solids content during the postharvest period (Amarante et al., 2013) .
According to Parra-Coronado et al. (2015) , weight, size, TA, and SSC of feijoa fruits at harvest time are directly related to the elevation of the production area. Similar conclusions were reported by Beyhan and Eyduran (2011) , who verified that the main cause of high acidity and low SSC are due to the ecological conditions during cultivation; these two characteristics are the main fruit quality criteria that affect flavor.
In the present study, the pH was evaluated during 2015 and 2016, when 27 accessions showed values above the general average +1 SD in at least 1 yr of evaluation. The mean pH for the accessions was 3.4 ± 0.30 in 2015 (n = 75) and 3.2 ± 0.36 in 2016 (n = 179), and varied from 2.5 to 4.5 (Table 1) . Studies in Colombia revealed that feijoa fruits had a pH of 2.9 ± 0.02 (Gallego-Corrales et al., 2003) without mentioning the cultivar name, whereas Quimba and 8-4 exhibited a pH value of 2.5 at the moment of harvest (Rodríguez et al., 2006) . These values agree with Beyhan and Eyduran (2011) , who found an average pH of 3.8 and variation from 2.8 to 4.6 for 300 feijoa accessions in Turkey. pH values ranging from 2.0 to 3.5 were also recorded for Brazilian commercial cultivars (Amarante et al., 2013) . According to Rodríguez et al. (2006) , pH can fluctuate depending on the cultivar, agroecological conditions where the fruit develops, and storage conditions, and is an important characteristic from an industrial perspective because it is related to the cost of processing the product.
Multiple Trait Analysis
The accessions L103C374, L202C148, L205C453, L206C804, L207C152-12, L208C805, L209C629, and L210C1013 were superior to the overall mean +1 SD for three or more characteristics of interest in at least 3 yr of study ( Supplemental Table S2 ). For example, accessions L205C453, L208C805, and L209C629 were characterized by having high fruit weight and diameter values, whereas accessions L206C804 and L207C152-12 showed superior chemical (SSC) characteristics, and the accessions L103C374, L202C148, and L210C1013 showed fruit shape close to round.
A high and significant effect was detected by the simple correlation between variables related to fruit size; the diameter (r = 0.85) and length (r = 0.65) were inversely related to pulp yield (r = -0.38) (Supplemental Fig. S1 ). Highly significant correlations between these characteristics were previously reported (Degenhardt et al., 2003; Donazzolo et al., 2017) . In the present work, pulp yield (%) was negatively and significantly correlated with skin thickness (r = -0.59). Correlation between these two variables was also recorded by Donazzolo (2012) , suggesting that skin thickness, because it is easier to measure, can be used as a selection criterion. Titratable acidity had a significant negative correlation with the SSC/TA ratio (r = -0.82) and pH (r = -0.49).
Using path analysis, Donazzolo et al. (2017) verified that total weight followed by fruit diameter had direct and great effects and are the main characteristics associated with pulp weight. The authors concluded that these two traits can serve as criteria for indirect selection to increase pulp weight in feijoa, since they are easily measured.
The principal component analysis (PCA) of the 172 feijoa accessions showed that the eigenvalues of PC1 and PC2 explain 60.0% of the data variation ( Supplemental Fig. S2 ). The first major component explained 34.6% of the variability and is mainly represented by the physical traits of the fruits, such as total weight (0.5), pulp yield (-0.56), and skin thickness (0.58). The second component explained 25.4% of the variability; the variables that contributed to explaining the variation were the chemical traits of the fruits, such as pH (-0.65) and TA (0.66) (Supplemental Table S2 ). The PCA did not form any cluster pattern and had scattered accessions in all quadrants (Supplemental Fig. S2 ). Thus, the São Joaquim BAG has different allelic combinations for these traits.
The dendrogram obtained based on the dissimilarity among the accessions showed grouping relations, supported by a cophenetic correlation coefficient of 0.70 (Fig. 4) . The UPGMA method resulted in the formation of clusters among divergent accessions. In the dendrogram, three main groups formed. The first one includes 164 accessions (95.3%), the second comprises 7 accessions (4.1%), and the third group has only one accession (0.6%) ( Supplemental  Table S4 ). Group 1 is represented by accessions that have higher pulp yield (27.9%), higher SSC (12.0 Brix), and intermediate fruit weight (82.1 g). Group 2 includes accessions with greater fruit weight (111.5 g) but lower pulp yield (19.0%). Group 3 consists of an accession that higher acidity (3.5) and lower pH (2.6) compared with the other groups. These results illustrate the high magnitude of types of allelic associations between the characteristics of the fruits of the BAG accessions, which potentially can be used in breeding programs with different objectives.
CONCLUSION
